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Fig. 1. 	flap of the Stations. . 
1-68: 	The international open-sea. stations Fl—F68. 
The Finnish coastal stations: 
B = Bengtskär 	 SD) = Säppi / Säbbskä.r 
He = Helsinki / Helsingfors 	 Sg = Sälgrund 
HG = Harmaja/ Gråhara T = Tankar 
J = Jun,fruslcäa 	 TS = Taininio / Sta.mö 
K = Kallådan (Porkala) 	 UI — Ullcokalla 
L • = Lohm 	 Ut = Utö 
M7 = Märket V = Valsöra-rna 
Ma = Marjaniemi . 
N = Norrskär 	 P = Pojovilcen 
I. The reliability of the harmonic analysis of temperature 
and salinity. 
1. Harmonic constants. In an earlier investigation the author computed 
the harmonic constants for the temperature and salinity of the sea. water 
in the parts of the Baltic bordering Finland (4). The research material 
was very extensive, comprising all the Finnish observation stations 
where more or less complete series of temperature and salinity observa-
tions were available for the 10-year period 1921-30. The results were 
given in the form of numerous diagrams representing the general annual 
course of temperature and salinity at different depths from the surface 
to the bottons for all the stations investigated, as well as in the form 
of tables giving the corresponding smoothed values three times a month. 
During the work it proved certain that the differences between the mean 
temperature and salinity values on the one hand and the computed 
harmonic data on the other were relatively slight, the greatest deviations, 
as a rule, depending upon occasional disturbances in the general course 
of temperature and salinity for particular years. On the whole, the 
results were very satisfactory and the harmonic values might therefore 
be considered as quite representative of the period investigated. 
As now more than 10 years have elapsed since the appearance of the 
paper mentioned and the observation material available has increased 
largely, the question has arisen as to what an extent harmonic constants 
based upon observations covering 10 years only are valid for more pro-
longed periods. In order to answer this question harmonic constants 
were determined on the basis of observations for 20 years, i. e. the period 
1921-40, for five stations in the Finnish sea area, namely J u n g-
f r u s k ä. r (60°08' N., 21004 E.), L o h in (60°07' N., 21041' E.), U t ö 
(59°47' N., 21022' E.), H a r in a j a / G r å h a r a (60°06' N., 24°59' E.), 
and T a m in i o / S t a m ö (60024' N., 27°26' E.). These stations have 
been chosen principally owing to the fact that at these places the 
observations, which when complete ought to comprise 36 series per year, 
showed only relatively few omissions. Utö is, moreover, one of the 
deepest coastal stations within the Finnish observational net-work and 
its open position in the southernmost part of the Archipelago also makes 
it a good representative for the Northern Baltic proper. Lohtu and 
Jungfruskär are situated in the middle of the Archipelago, while the 
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positions of Gråhara and Tammio are in the Gulf of Finland. These latter 
stations evoke a special interest in this connexion, as the considerable 
increase in salinity commonly observed within the Baltic sea area during 
the fourth decade of this century started just inside the Gulf of Finland, 
reaching high values earlier there than elsewhere. In the Gulf of Bothnia, 
on the contrary, no station has been examined, mainly because of the 
incompleteness of the Bothnian observation series. 
The research material has been treated in the same manner as in the 
earlier investigation. For the determination of the value T7 corresponding 
to a given time t the well-known fornaula 
V = gii + ct cos (a - 1) + b cos 2(9 - t) + c cos 3(y - t) 
has been used. The significance of the different constants clearly appears 
from this formula. 
Table 1 gives the harmonic constants covering the years I92I-40 
for temperature and salinity at the stations mentioned above as well 
as the differences between these values and the corresponding constants 
for the period 1921-30. 
Table 1. 	Harmonic constants for (enera.Hi..re and sabin.iily at different depths %or the 
20-year period 1921 -40. 
(L 	indicates the iliciease (+) or decrease (-) from the corresponding constants 
for the 10-year period 1921 -30.) 
a, 	u b fl c y ni, a, a b f3 c y 
'f'emperatw re, C Sali.nit., , 
Juiigfl-llsl(ä 
0 ni 6.6 	7.9 	228°  1.6 29° 0.5 800  I 6.11 0.13 14° 0.05 150°  0.01 70 
r. +0.2 +0.1 	0° -0.1 -3°  -0.1 - 2-  -0.09 +0,03 -22° -0.01 - 2° -0.02 - 50 
5 m 6.5 	7.8 	2300  1.5 320 O. 82 6.13 0.13 14° 0.04 145° 0.01 118°  
/ +0.2 +0.1 	0° -0.1 -2° - -0.1 - 2° 1  -0.08 +0.03 -25° -0.02 - 8° -0.01 -15° 
10 ui 6.3 	7.5 	232° 1.4 36 0.4 85 , i  6.15 0.13 23°  0.03 136° 0.02 109°  
L\ +0.2 	0.0 	0° -0.3 -2 -0.1 0` -0.08 1-0.02 -24°  -0.02 -15°  0.00 --18°  
20 m 5.4 	6.3 	239°  0.6 56' 0.2 30 	. 6.20 0.09 37° 0.02 158° 0.03 96°  
0.0 	0.0 	+1°  -0.2 +-2°  +0.1 - 50 -0.06 +0.01 -250  -0.01 -11°  +0.01 -16°  
30 ni 4.7 	5.3 	244°  0.4 92° 0.4 46° 6.24 0.04 550  0.02 10°  0.04 105°  
L -0.1 -0.1 +3°  0.1 +10° -0.1 -I- 	1° -0.06 -0.02 -21°  -0.01 - 8° 0.00 - 1°  
40 m 4.5 	4.9 	247° 0.3 117°  0.6 47° 6.26 0.03 82° 0.02 24° 0.04 109°  
L 0.0 -0.1 	+3°  -0.1 +7 -0.1 + 1°  -0.06 -0.01 - 5°  -0.02 - 7° -0.01 -j- 	1°  
Lorna 
0 mi 7.0 	8.4 222° 1.7 26°  0.4 77° 6.06 0.16 363°  0.04 28° 0.03 16°  
L +0.2 +0.1 -2° 0.0 -1° 0.0 0° --0.03 0.00 +11° -0.04 +17° -0.06 - 6° 
5 ni 6.9 	8.3 	226° 1.5 30°  0.4 74° 6.10 0.14 22° 0.01 134°  0.01 62° 
/ +0.4 +0.2 	0°  -0.2 -1° -0.1 - 5°  --0.05 0.00 - 8" - 0.02 -15° 0.00 + 2°  
10 ni 6.5 	7.8 	229°  1.3 31°  0.4 81- 6.12 0.13 28° 0.02 145°  0.00 59°  
A +0.3 +0.2 +1°  -0.1 -1° 0.1 + 3' -0.05 0.00 - G°  0.00 - 5° -0.01 -15°  
20 in 5.7 	6.6 	235° 0.7 48°  0.1 51` 6.16 0.10 47° 0.01 164°  0.01 85°  
A +0.2 +0.2 	0°  0.0 -1" -0.2 +11°  -0.05 -0.01 - 3°  0.00 -16° -- 0.01 - 4°  
30 in 4,9 	5.6 	243°  0.3 87- 0.4 45°  6.21 0.08 60°  0.00 38° 0.02 109°  
A +0.1 +0,2 	+2° -0.1 +3° -0.1 + 5" -0.05 -0.01 - 5°  -0.02 - 8°  -0.01 + 3°  
40 ni 4.5 	5.0 	246° 0.5 102' 0.5 46° 6.23 0,07 83°  0.01 55°  0.02 109°  
L\ +0.2 +0.1 	+1°  0.0 +2° -0.1 + 3°  -0.06 0.00 + 5°  -0.02 - 1°  -0.02 + 1°  
50 ui 4.3 	4.8 	248°  0.5 106°  0.4 47° ' 6.26 0.07 82°  0.00 64° 0.02 115°  
L 0.1 +0.2 	O° -OJ 0°  -0.2 + 	3'' . -0.06 +0.01 + 20 -0.03 -- 4°-0.02 + 4° 
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Table 1. 	(Continuation). 
m «, 	u b c / u 	n u b fl r 
Temperature, t° i Salinity, 
Utö 
Om 6.8 7.7 	226° 1.9 26° 0.7 85° 6.30 	0.21 15° 0.08 1200 0.02 79° 
+0.3 +0.2 -1° 0.0 -2° 0.0 0° -0.06 +0.01 - 60 0.00 - 7° 0.00 +10° 
5 ni 6.7 7.4 	228° 1.7 28° 0.7 86° 6.31 	0.21 18° 0.08 115° 0.02 79° 
o +0.3 +0.2 -1° 0.0 2° 0.0 0° -0.06 	0.00 - 4° 0.00 - 8° 0.00 + 4° 
10 m 6.4 6.8 	232° 1.4 27° 0.5 83° 6.33 	0.20 21° 0.07 117° 0.01 70° 
o +0.3 +0.1 	0° 0.0 -40 -0.1 - 4° -0.06 	0.00 - 50 -0.02 - 4° -0.01 - 5° 
20 ni 5.4 5.3 239° 0.3 16° 0.1 49° 6.42 	0.11 15° 0.02 100° 0.04 89° 
o +0.2 +0.2 	0° -0.1 -2° -0.2 -15° -0.05 -0.02 - 3° -0.02 - 2° +0.01 + 4° 
30 in 4.5 3.9 	250° 0.4 128° 0.2 41° 6.54 	0.03 280° 0.03 55° 0.04 89° 
o +0.2 +0.1 -1° 0.0 -2° -0.1 -13° -0.05 +0.02 +41° 0.00 - 3° 0.00 + 9° 
40 iii 3.8 3.0 	261° 0.7 132° 0.2 53° 6.65 	0.10 219° 0.04 48° 0.02 70° 
o +0.1 0.0 	0°-0.1 +2° -0.1 - 9° -0.05-001 + 8°-0.01 -10°-0.01 +10° 
50 m 3.5 2.6 272° 0.8 134° 0.2 65° 6.80 	0.23 221° 0.04 38° 0.05 66° 
o +0.1 0.0 	0° -0.1 +3° 0.0 - 2° 0.00 +0.03 +16° -0.01 - 6° 0.00 + 1° 
60 in 3.2 2.2 	276° 0.9 138° 0.2 69° 6.90 	0.34 217° 0.05 36° 0.05 63° 
0 0.0 -0.1 	0° +0.1 +3° 0.0 - 4° +0.02 +0.06 +11° -0.01 - 5° -0.03 - 2° 
70 m 3.2 2.0 280° 0.8 142° 0.2 75° 7.06 	0.40 223° 0.04 17° 0.08 68° 
o +0.1 -0.1 +2°-0.1 +4° 0.0 + 1° +0.08 +0.09 +10° 0.00 -38°-0.04 + 2° 
80 in 3.1 1.9 	277° 0.9 144° 0.2 77° 7.07 	0.41 222° 0.03 19° 0.09 68° 
0 0.0 -0.2 -2° 0.0 +6° 0.0 + 1° +0.06+0.07 -I-11° -0.01 -34° -0.04 - 1° 
90 ni 3.1 1.9 	277° 0.9 144° 0.2 77° 7.08 	0.42 221° 0.04 24° 0.08 65° 
0.0-0.2 -2° 0.0 6° 0.0 + 1° 0 +0.06 +0.07 +10° 0.00 -31° -0.02 - 2° 
Harmaja / Cnråha,ra 
0 mi 6.2 7.7 	223° 1.7 28° 0.4 69° 5.28 	0.28 308° 0.05 16° 0.07 45° 
o +0.3 +0.3 	0° -0.2 -1° 0.0 - 8° +0.13 +0.03 - 3° 0.00 - 1°-0.02 +11° 
5 m 5.9 7.3 	225° 1.5 31° 0.3 78° '. 5.31 	0.24 318° 0.07 24° 0.11 47° 
o +0.3 +0.2 	0° -0.2 +1° -0.1 - 1° +0.11 +0.01 0° +0.02 - 1° +0.02 -1-12° 
10 m 5.5 6.6 229° 1.1 35° 0.2 83° 5.39 	0.19 315° 0.04 28° 0.08 53° 
o +0.1 0.0 	+1° -0.4 0° -0.2 - 4° +0.13 +0.01 + 5° -0.03 +20°-0.03 +10° 
20 in 4.9 5.6 236° 0.8 49° 0.2 100° 5.54 	0.13 280° 0.04 17° 0.07 55° 
0 0.0 -0.2 +2° -0.3 +4° -0.1 + 4° 1-0.13 +0.03 +13° -0.04 + 4° -0.03 + 8° 
30m 4.3 4.7 	243° 0.5 65° 0.2 95° 5.71 	0.12 214° 0.11 44° 0.07 49° 
c~ -0.1 -0.4 +3° -0.3 +11° -0.2 - 3° +0.10 	0.00 +18° +0.07 + 3° 0.00 0° 
Taanniio f Stansö 
0 m 6.6 	8.8 	219° 1.8 31° 0.4 70° 4.00 0.29 313° 0.02 114° 0.10 40° 
o +0.3 +0.3 -1° -0.4 +2° -0.1 + 3° +0.29 -0.11 - 3° -0.11 -45° -0.03 - 9° 
5 m 6.1 	8.4 	225° 2.1 35° 0.5 81° 1 4.06 0.27 333° 0.05 82° 0.09 47° 
o +0.2 +0.2 +1° -0.2 0° +0.1 + 6° 1 1-0.26 -0.03 + 3° -0.07 +26° 0.00 - 6° 
10 in 5.6 	7.7 	228° 1.9 40° 0.4 78° 4.22 0.10 346° 0.09 73° 0.06 53° 
o +0.3 +0.3 -2° -0.2 -3° 0.0 - 7° -1-0.22 -0.01 -19° +0.01 + 4° 0.00 - 5° 
20m 4.0 	4.8 	246° 1.1 71° 0.0 100° 4.77 0.33 157° 0.08 62° 0.03 25° 
å +0.1 -0.1 	0° -0.3 +3 -0.1 -18° +0.15 -0.04 + 2° -0.01 +15° +0.01 + 1° 
Table 2 contains the harmonic constants for water temperature at 
the shore for the period 1921-40 and the differences from corresponding 
constants for the period 1921-30. Finally, in Table 3, the harmonic 
constants for Lohm for the original period 1921-30 and for the periods 
1921-35, 1921-40, 1921-45, and 1921-50 are given. 
2. Temperature. Comparing the harmonic constants for the 20-year 
period with those for the 10-year period we immediately note that the 
mean temperature nia is, in general, slightly higher for the long period 
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Table 2. Harmonic conslanls for temperature at the shore for the 20-year period 1921-40. 
(ä indicates 	the increase ( +) or decrease (-) from the corresponding constants for 
the 10-year period 1921-30.) 
m a a b fl  c y m a a 	b 	14 c y 
llarjauiemi 5.6 	8.6 209° 3.4 25° 0.6 69° Lohja 7.3 8.9 221° 	1.7 	25° 0.4 73° 
L\ +0.4+0.6 +1° 0.0 0° 0.0 + 1° o +0.1 0.0 +1°-0.2 -1° 0.0 + 1° 
Ulkokalla 5.0 	7.1 225° 2.0 37° 0.7 74° Utö 7.0 8.0 221° 	1.9 	26° 0.4 91° 
L\ +0.1+0.1 +1° -0.2 +3° 0.0 + 1° o +0.2 +0.2 +1°-0.2 -2° -0.1 0° 
1'aiiDcau 5.3 	7.7 217° 2.4 31° 0.4 74° Bengtskär 7.1 7.7 228° 	1.8 	26° 0.4 88° 
L +0.3+0.2 +1° -0.1 -1°+0.1 +14° o +0.4 0.0 0° 	0.0 -4° -0.2 + 4° 
Norrskär 6.0 	7.8 216° 2.2 27° 0.4 90° Ka.11bäda-n 6.9 8.0 223° 	1.8 	27° 0.4 78° 
L\ +0.4+0.2 +1° -0.2 -2°+0.1 + 1° o +0.4 0.0 +1°-0.1 -2° 0.0 0° 
Valsöra.rna 5.7 	8.4 210° 2.7 29° 0.8 75° Qiå]iara 6.4 8.1 222° 	1.9 	28° 0.5 77° 
L, +0.4+0.6 -3° -0.1 +2°+0.4 + 1° i +0.4 +0.3 +1°-0.1 -2° +0.1 - 1° 
Sälgrund 6.1 	8.4 212° 2.0 26° 0.2 38° I-Ielsingfors 6.9 8.8 213° 	1.9 	24° 0.1 43° 
L\ +0.2+0.1 +1° -0.3 0°-0.1 - 3° o +0.3 +0.2 0°-0.2 -2° 0.0 - 9° 
Säbbslcär 6.6 	8.5 214° 1.8 24° 0.1 84° Söderskär 6.6 8.1 224° 	1.8 	28° 0.6 78° 
L\ +0.2+0.2 +1° -0.2 0° 0.0 	+24° o +0.3 +0.3 0°-0.1 	0° 0.0 + 3° 
illärket 6.4 	7.2 229° 2.0 33° 0.6 90° Tamniio 6.9 9.3 215° 	2.4 	27° 0.3 65° 
L +0.4+0.1 0° 0.0 -2°-0.1 - 2° +0.3 +0.1 -1°-0.2 -2° -0.1 + 1° 
Jnngfrnskär 7.4 	8.9 217° 1.7 25° 0.2 85° 
L +0.3+0.1 0° -0.2 -2°-0.1 - 1° 
Table 3. Harmonic conslanls Joi• tempeiaiure and salinity at Loh.m for the years 1921 -30, 
1921 -35, 1921 -40, 1921-45, and 1921-50. 
Depth Period ni. a a b /3 c y m a a b- 	14 c y 
to 80/00 
0 in 	1921 -30 	6.8 8.3 224° 1.7 30° 0.4 77° 6.09 0.16 352° 0.08 	11° 0.09 52°  
1921 -35 	7.0 8.5 224° 1.6 27° 0.5 74° 6.08 0.15 359° 0.05 	15° 0.06 53°  
1921 -40 	7.0 8.4 222° 1.7 26° 0.4 77° 6.06 0.16 3° 0.04 	28° 0.03 46°  
1921 -45 	7.0 8.5 223° 1.7 26° 0.5 77° 6.11 0.16 355° 0.05 	28° 0.04 49°  
1921 -50 	7.1 8.6 223° 1.7 26° 0.5 76° 6.20 0.15 356° 0.04 	25° 0.04 44°  
6 111 	1921 -30 	6.5 8.1 226° 1.7 31° 0.5 79° 6.15 0.14 30° 0.03 	149° 0.01 60°  
1921 -35 	6.7 8.2 226° 1.5 30° 0.5 76° 6.13 0.14 26° 0.01 	134° 0.00 72°  
1921 -40 	6.9 8.3 226° 1.5 30° 0.4 74° 6.10 0.14 22° 0.01 	134° 0.01 62°  
1921 -45 	6.8 8.2 227° 1.5 31° 0.4 75° 6.16 0.10 47° 0.01 	137° 0.01 63°  
1921 -50 	6.8 8.3 226° 1.5 31° 0.4 76° 6.24 0.12 19° 0.01 	138° 0.01 50°  
10 m 	1921 -30 	6.2 7.6 228° 1.4 35° 0.3 78° 6.17 0.13 34° 0.02 	150° 0.01 74°  
1921 -35 	6.4 7.7 228° 1.3 33° 0.3 75° 6.14 0.13 33° 0.01 	145° 0.01 75°  
1921 -40 	6.5 7.8 229° 1.3 34° 0.4 81° 6.12 0.13 28° 0.02 	145° 0.00 58°  
1921 -45 	6.4 7.7 229° 1.3 35° 0.4 80° 6.18 0.12 30° 0.02 	145° 0.00 48°  
1921 -50 	6.5 7.8 229° 1.3 35° 0.3 82° 6.26 0.11 27° 0.02 	1460  0.01 40°  
20 m 	1921 -30 	5.5 6.4 235° 0.7 49° 0.3 40° 6.21 0.11 50° 0.01 	0° 0.02 89°  
1921 -35 	5.7 6.7 234° 0.6 45° 0.2 44° 6.18 0.10 50° 0.01 	0° 0.01 87°  
1921 -40 	5.7 6.6 235° 0.7 48° 0.1 51° 6.16 0.10 47° 0.01 	164° 0.01 85°  
1921 -45 	5.5 6.4 236° 0.6 50° 0.2 51° 6.23 0.09 46° 0.00 	171° 0.01 109°  
1921 -50 	5.5 6.4 236° 0.5 53° 0.2 47° 6.30 0.08 40° 0.01 	3° 0.00 121°  
.30 ni 	1921 -30 	4.8 5.4 241° 0.4 84° 0.5 40° 6.26 0.09 65° 0.02 	46° 0.03 106°  
1921 -35 	5.0 5.6 240° 0.3 84° 0.5 42° 6.23 0.09 59° 0.01 	52° 0.03 107°  
1921 -40 	4.9 5.6 243° 0.3 87° 0.4 45° 6.21 0.08 60° 0.00 	38° 0.02 109°  
1921 -45 	4.8 5.4 242° 0.4 89° 0.5 42° 6.26 0.07 55° 0.01 	26° 0.02 109°  
1921 -50 	4.8 5.4 242° 0.4 92° 0.5 43° 6.33 0.06 53° 0.01 	24° 0.02 111°  
40 ni 	1921 -30 	4.3 4.9 245° 0.5 100° 0.6 43° 6.29 0.07 78° 0.03 	56° 0.04 108°  
1921 -35 	4.6 5.1 245° 0.4 105° 0.5 44° 6.26 0.07 71° 0.02 	58° 0.03 110°  
1921 -40 	4.5 5.0 246° 0.5 102° 0.5 46° 6.23 0.07 83° 0.01 	55° 0.02 109°  
1921 -45 	4.5 4.9 246° 0.5 102° 0.5 45° 6.29 0.06 69° 0.01 	28° 0.03 112°  
1921 -50 	4.5 5.0 246° 0.5 102° 0.5 45° 6.36 0.05 62° 0.01 	27° 0.02 1160  
50 m 1921 -30 	4.2 4.6 248° 0.6 106° 0.6 44° 6.32 0.06 80° 0.03 	68° 0.04 111° 
1921 -35 	4.4 4.8 246° 0.5 107° 0.6 45° 6.27 0.06 7G° 0.02 	67° 0.03 112° 
1921 -40 	4.3 4.8 248° 0.5 106° 0.4 47° 6.26 0.07 82° 0.00 	64° 0.02 115° 
1921 -45 	4.3 4.7 248° 0.6 106° 0.5 46° 6.32 0.05 78° 0.00 	46° 0.03 115° 
1921 -50 	4.3 4.7 248° 0.6 106° 0.5 47° 6.38 0.04 68° 0.01 	29° 0.02 116° 
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than for the short one. The greatest difference amounts to + 0.4, but 
it appears only once (at the depth of 5 m. at Lohm). The most frequent 
differences are + 0.2° and + 0.3° (observed in 3 and 8 cases respectively), 
closely followed by differences of -I- 0.1° (in 7 cases) and O.o° (in 6 cases). 
A negative difference, — 0. i° can be found only twice (at the depth of 
30 in. at Jungfruskar and Gråhara). An important cause of the water 
temperature increase must, without doubt, be sought in the increase of 
the air temperature observed during the period concerned. Thus, the 
average air temperature at Helsingfors was 4.9° for the period 1921-30, 
and 5.3° for the period 1921- 40. For Mariehamn the corresponding 
values were 5. i° and 5.5° respectively. This increase, 0. °, is very distinctly 
reflected in the increase of water temperature. The relationship is most 
pronounced on the surface where the effect of convection is an important 
factor. It decreases gradually towards the bottom owing to the currents 
which contribute to the heat exchange to a high degree. In this connexion 
it may, however, be pointed out that the problem is not so simple as it 
appears, as freezing of the water in the winter must be considered too. 
As the water temperature remains unchanged as long as ice is formed 
and is independent of the air temperature, it is the duration, not the 
strength of the winter that counts, in addition to the air temperature 
of the ice-free period. On the basis of J u r v a's (5) researches the length 
of the »middle winter» was on an average 62 clays during the twenties; 
for the whole 20-year period it was only 54 days. The shortening of the 
middle winters is thus evident. As, moreover, the increase in temperature 
from 1921-30 to 1921-4O during the months with a positive mean air 
temperature, i. e. öapril to November, was 0. o° at Helsingfors and 0.5°  
at Mariehamn the main cause of the increase of the water temperature 
seen s to be quite clear. 
For the amplitudes of the annual wave a the differences are, on the 
whole, of the same magnitude, but in this case the number of negative 
differences is somewhat greater. These appear, however, principally in 
the deep-water layers. In the upper layers, on the other hand, an in-
crease of the irrean temperature is, without exception, connected with 
an increase of the amplitude. The correlation factor r for the two series 
is 0.842 with the probable error s = 0.031. As the quotient r/s amounts 
to 25 the correlation is a very good one. Further it can be noted that 
the correspondence of the times, when the maximum of the annual wave 
occurs, is unexpectedly good. In not less than 14 of the 33 cases considered 
the value for the angle has not changed at all, when the observations 
for the 10 new years have been added to the original 10-year period. 
In 9 cases the absolute value of the deviation was 1°, in 7 cases 2°, and, 
finally, in 3 cases 3°. As the deviations of the amplitudes and the 
corresponding angles are rather slight, the trigonometrical function may, 
2 
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as a first approximation, be considered as linear. We may thus infer 
that the greatest difference for the two periods, 1921-30 and 1921-40, 
does not, on the whole, exceed 6 days, a result which proves the stability 
of the phenomenon, as well as the reliability of the harmonic constants. 
Turning to the semi-annual wave, it must be pointed out at once 
that this wave as well as the third one must be considered as numerical 
corrections to be added to the first wave in order to depict the asymmetric 
features in the general course of the water temperature: the prolonged 
period of practically invariable temperature near freezing point in the 
winter months, the extremely rapid increase of temperature in the spring 
and the beginning of summer, and, finally, the slow decrease in the 
autumn due to convection. A common characteristic of the amplitudes 
b of the semi-annual wave is that they all, with only one exception, 
have decreased, when new observations have been added to the readings 
for the years 1921-30. The differences are at their greatest in the Gulf 
of Finland where at Gråhara the amount — 0. -i° is noted, whilst at Utö 
the amplitudes deviate at the most by 0. i° from each other. As the 
semi-annual wave in the surface layers reaches, as a rule, its first maxim-
um in the last days of January, and as it may be considered as reducing 
the considerable negative deviations from the observed values caused by 
the annual wave during the time of freezing, the possibility that the 
above-mentioned tempering of the winters influences the amplitude 
cannot be excluded. Table 2 also shows quite distinctly the decrease in 
the amplitude of the semi-annual wave. This table confirms too the increase 
of the mean temperature and the corresponding increase of the amplitude of 
the annual wave. The deviations of the angle (l (Table 1) are considerably 
greater than for the angle a. Differences as great as 10°-11°, appear, 
but as the corresponding amplitudes are small, these differences have 
only a relatively slight effect upon the general course of the temperature. 
On the whole, it may be noted as a result that the differences between 
the angles ,B for the 20-year period, on the one hand, and those for the 
10-year period on the other are negative at the surface and in the upper 
water layers, but that farther down and at the bottom they are, without 
exception, positive. It may be pointed out that the increase of temperature 
in the upper water layers and the increase in salinity in the deeper layers, 
which are discussed in more detail below, must render convection more 
difficult and at least contribute to a delay in the penetration of the heat 
from surface to bottom. 
For the third wave the deviations are relatively great. The differences 
in the amplitudes amount numerically, at the most, to 0.2°, but it must 
be borne in mind that the amplitudes themselves reach low values only, 
varying between 0. i° and 0. ,°. The angles for the appearance of the 
maximum show large differences too, at least in comparison to the 
20 ni 	J 1.7 1.9 +0.2 
F 0.2 0.5 +0.1 
M 0.0 -0.3 -0.1 
A 0.2 0.1 0.0 
\i 1.5 2.1 +0.3 
J 5.8 5.0 +0.1 
J 8.0 8.4 -0.1 
A 10.2 11.1 -0.3 
S 13.4 12.3 -0.1 
0 11.0 11.2 +0.1 
N 7.8 8.0 +0.2 
D 4.7 4.5 +0.3 
6.30 6.29 -0.07 
6.25 6.26 -0.07 
6.24 6.25 -0.05 
6.27 6.28 -0.04 
6.23 6.22 -0.11 
6.15 6.16 -0.13 
6.15 6.13 -0.10 
6.15 6.14 -0.07 
6.10 6.11 -0.07 
6.10 6.10 -0.05 
6.21 6.18 -0.01 
6.24 6.28 -0.01 
40 in 	J 1.7 1.9 + 0.3 I  6.32 6.30 -0.08 
F 0.2 0.6 +0.1 6.26 6.28 -0.07 
11 0.0 0.0 0.0 6.30 6.27 -0.07 
A 0.1 -0.2 -0.1 6.30 6.30 -0.08 
M 1.3 1.3 -0.3 6.30 6.29 -0.07 
J 4.6 4.3 -0.4 6.24 6.24 -0.05 
J 6.6 6.6 -0.3 6.24 6.24 -0.06 
A 7.3 7.7 -0.1 6.28 6.28 -0.09 
S 8.5 8.7 • 0.2 6.30 6.27 -0.08 
0 10.3 9.5 -0.2 6.14 6.20 -0.03 
N 7.8 8.1 0.0 6.22 6.19 -0.02 
D 4.8 4.8 +0.4 6.26 6.26 -0.05 
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annual wave. The greatest positive deviation amounts to + 11° and 
the greatest negative difference is -18°. Owing to the small amplitudes, 
however, these deviations can by no means disturb or alter the picture 
of the general course of the phenomenon. Finally it may be mentioned 
that they don't show any striking regularity. 
What is the cumulative effect of these deviations upon the computed 
temperature values for different days? The answer appears quite distinctly 
in Table 4. In the column 	we find the deviations of the results for 
Table 4. Temperature and saliniiy on Ilie first day of each month. 
I : Mean observed values for the 20-year period 1921-40. 
II : Harmonic values for the 20-year period 1921-40. 
A : Increase (+) and decrease (-) of the harmonic values II from the 
harmonic values for the 10-year period 1921-30 (4). 
Depth Month I 	II o' I 	II 	n IDeptli Month I 	II 	L\ 	I 
to 	 SOI to 
Jungt nuskär 
5 in 	.J 1.6 2.0 +0.3 
F 0.2 0.3 +0.2 
\-I -0.1 -0.1 0.0 
A 0.2 0.3 -0.1 
Al 2.1 2.1 +0.2 
J 6.5 6.6 +0.5 
J 12.2 12.4 +0.3 
A 16.5 15.8 0.0 
S 15.2 14.8 0.0 
0 11.2 11.3 +0.2 
N 7.8 7.8 +0.2 
D 4.6 4.7 +0.2 
II 	o 
80  / 00  
0 m J 1.7 1.9 +0.2 6.29 6,28 -0.06 
F 0.2 0.3 +0.2 6.18 6.21 -0.08 
M -0.1 -0.1 -0.1 6,16 6.13 -0.08 
A 0.2 0.3 -0.1 5.87 5.87* -0.03 
hI 2.4 2.4 +0.4 5.72 	5.71' +0.11 
J 7.1 7.1 	+0.6 6.03 6.06 -0.18 
J 12.3 13.0 +0.3 6.00 6.00 0.13 
A 16.8 16.1 -0.1 5.96 5.96 	- -0.10 
S 15.1 14.9 +0.1 6.00 5.99 -0.08 
0 11.1 11.3 	+0.4 6.06 6.07 -0.06 
N 7.7 7.7 +0.3 6.21 	6.17 	- 0.02 
D 4.6 4.6 +0.2 6.21 6.26 -0.02 
10 in 	J 1.7 2.0 +0.2 6.30 6.29 -0.06 
F 0.2 0.3 +0.1 6.21 6.24 -0.08 
Nf 0.0 -0.1 	0.0 6.22 6.20 -0.07 
A 0.2 0.3 	0.0 6.24 6.21 -0.07 
Al 1.8 1.9 	+0.2 6.18 6.18 -0.12 
J 6.4 6.0 +0.5 6.12 6.09 -0.17 
J 11.6 11,5 	+0.3 6.03 6.01 -0.15 
A 15.6 15.0 	0.0 6.00 6.00 -0.09 
S 14.9 14.6 +0.1 6.00 6.04 -0.05 
0 11.2 11.3 	+0.2 6.06 6.09 -0.04 
N 7.8 7.8 +0.3 6.21 	6.18 -0.02 
D 4.7 4.7 +0.2 6.23 6.27 -0.03 
30 in 	J 1.7 1.7 + 0.1 6.31 6.29 -0.08 
F 0.2 0.5 	0.0 6.25 6.26 -0.07 
M 0.0 -0.1 -0.1 6.28 6.26 -0.06 
A 0.1 0.1 	+0.1 6.28 6.29 -0.07 
Al 1.4 1.7 	0.0 6.27 6.25 -0.10 
J 4.8 4.5 -0.3 6.22 6.20 -0.08 
J 7.2 7,0 -0.4 6.20 6.23 -0.04 
A 8.0 8.6 -0.3 6.24 6.26 -0.05 
S 10.2 9.8 -0.2 6.22 6.21 -0.07 
0 10.7 10.1 -0.1 6.12 6.15 -0.04 
N 7.8 8.2 +0.26.21 6.19 -0.01 
D 4.8 4.7 +0.3 6.25 6.28 -0.03 
6.29 6.28 -0.06 
6.19 6.22 -0.08 
6.18 6.17 -0.07 
6.20 6.15 -0.08 
6.07 6.13 - 0.13 
6.10 6.08 -0.16 
6.01 6.00 -0.14 
5.98 5.98 -0.09 
6.00 6.01 -0.06 
6.06 6.09 -0.03 
6.22 6.19 -0.01 
6.22 6.26 -0.03 
") See pag 16, 
12 Harmonic Analysis and Changes in Salinity 
Table 4. 	(Continuation). 
Depth Montli I II 	o 	f 1 	II o Depth Montle T II L\; T II o 
to 190/o, to • 80loo 
Loh in 
0 in J 1.4 1.5 	0.0 6.23 6.22 -0.02 b in 	.J 1.5 1.5 +0.1 6.25 6.22 -0.05 
F 0.0 0.0 +0.2 6.19 6.26 -0.06 F 0.0 0.1 0.0 6.20 6.22 -0.05 
iI -0.1 0.1 	+0.2 6.18 6.18 -0.04 JAI -0.1 -0.1 0.0 6.19 6.21 -0.04 
A 0.3 0.9 +0.4 6.15 6.02 +0.07 A 0.2 0.4 0.0 6.17 6.15 -0.05 
M 3.3 3.3 +0.5 5.79 5.92 +0.08 M 2.7 2.7 +0.3 6.04 6.08 -0.07 
J 8.4 8.5 +0.5 5.98 5.93 -0.06 J 7.7 7.8 +0.6 6.01 6.02 -0.08 
J 14.1 14.7 	1-0.8 5.96 5.94 -0.16 J 13.2 13.7 +0.5 6.01 5.98 =0:07 
A 17.8 17.4 +0.5 5.90 5.94 -0.05 A 17.3 16.7 +0.3 5.93 5.96 -0.03 
S 15.5 15.3 -0.1 5.97 5.96 +0.03 S 15.2 15.4 +0.4 5.98 5.97 -0.03 
0 11.5 11.1 -0.3 6.04 6.05 -0.02 0 11.4 11.8 +0.6 6.04 6.04 -0.03 
N 7.8 7.6 +0.2 6.14 6.11 -0.09 N 7.8 8.0 +0.7 6.14 6.13 -0.05 
D 4.3 4.3 +0.3 6.18 6.16 -0.05 D 4.3 4.4 +0.4 6.18 6.20 -0.05 
10 in J 1.5 1.7 	+0.2 6.26 6.24 -0.04 20 in 	J 1.6 1.7 +0.1 6.26 6.23 -0.05 
F 0.0 0.1 -0.1 6.21 	6.24 -0.04 F 0.1 0.3 -0.1 6.22 6.24 -0.05 
M -0.1 -0.2 	0.0 6.21 6.21 -0.06 M -0.1 -0.2 0.0 6.25 6.25 -0.06 
A 0.2 0.4 +0.1 6.21 	6.18 -0.06 A 0.1 0.2 +0.2 6.24 6.24 -0.06 
RI 2.3 2.4 +0.1 6.14 6.13 -0.05 M 1.9 2.2 +0.1 6.20 6.20 -0.04 
J 6.8 6.8 +0.1 6.06 6.07 -0.06 J 5.8 5.7 0.0 6.14 6.14 -0.03 
J 11.9 12.3 +0.3 6.02 6.01 -0.07 J 9.1 9.4 +0.2 6.12 6.10 -0.05 
A 15.8 15.5 +0.5 5.99 5.98 -0.05 A 11.5 12.2 +0.6 6.10 6.07 -0.06 
S 14.6 14.8 +0.4 5.99 5.99 -0.03 S 12.6 12.8 +0.4 6.09 6.06 -0.04 
0 11.4 11.5 +0.3 6.05 6.05 -0.02 0 11.2 11.2 +0.1 6.07 6.08 -0.02 
N 7.9 7.9 +0.5 6.15 6.14 -0.04 N 7.9 8.0 +0.2 6.16 6.14 -0.03 
D 4.5 4.5 +0.5 6.19 6.21 -0.05 D 4.6 4.4 +0.4 6.20 6.21 -0.04 
30 in J 1.6 1.7 +0.3 6.27 6.23 -0.09 40 ni 	J 1.7 1.7 +0.3 6.27 6.26 -0.06 
F 0.1 0.4 	0.0 6.24 6.24 -0.08 F 0.1 0.4 0.0 6.26 6.27 -0.06 
M -0.1 -0.2 -0.1 6.29 6.26 -0.08 ii 0.0 -0.1 0.0 6.30 6.29 -0.07 
A 0.1 0.0 	0.0 6.28 6.30 -0.06 A 0.1 0.0 +0.1 6.32 6.32 -0.07 
AI 1.7 1.7 -0.1 6.27 6.29 -0.02 AI 1.5 1.6 +0.1 6.32 6.30 -0.05 
J 5.1 4.8 	0.0 6.19 6.23 +0.01 J 4.4 4.3 0.0 6.23 6.24 -0.02 
.J 7.5 7.4 +0.2 6.17 6.19 -0.01 J 6.6 6.5 +0.2 6.18 6.21 -0.03 
A 8.8 9.1 	+0.3 6.17 6.18 -0.04 A 7.8 7.8 +0.4 6.22 6.21 -0.07 
S 10.0 10.4 +0.2 6,19 6.15 -0.06 S 8.7 9.2 +0.3 6.23 6.20 -0.08 
0 10.7 10.6 +0.2 6.11 	6.12 -0.04 0 10.2 9.8 +0.1 6.16 6.16 -0.05 
N 7.9 8.4 +0.5 6.16 6.12 -0.04 N 8.0 8.2 +0.3 6.17 6.16 -0.03 
D 4.7 4.7 +0.6 6.20 6.18 -0.07 D 4.7 4.7 +0.5 6.22 6.21 -0.05 
50 in J 1.8 1.8 +0.3 6.28 6.28 -0.06 50 m 	J 6.1 6.0 +0.2 6.20 6.23 -0.02 
F 0.2 0.4 	0.0 6.28 6.29 -0.05 (coat.) A 7.4 7.3 +0.4 6.23 6.22 -0.08 
iI 0.0 0.0 	+0.1 6.32 6.30 -0.07 S 8.3 8.7 +0.4 6.25 6.21 -0.11 
A 0.2 0.1 	+0.2 6.35 6.33 -0.09 0 9.6 9.5 +0.2 6.21 6.18 -0.08 
N 1.4 1.5 +0.1 6.35 6.33 -0.06 N 8.0 8.1 +0.2 6.18 6.18 -0.05 
J 4.0 4.0 	0.0 6.25 6.28 -0.01 D 4.8 4.7 +0.3 6.24 6.23 -0.05 
Utö 
0 ni J 2.2 2.5 +0.3 6.48 6.45 -0.06 6 in 	J 2.3 2.6 +0.2 6.48 6.45 -0.06 
F 0.6 0.6 	+0.1 6.40 6.40 -0.07 F 0.7 0.8 +0.2 6.41 6.42 -0.05 
Ni 0.3 0.3 +0.1 6.41 6.42 -0.05 Ä1 0.4 0.4 +0.1 6.42 6.45 -0.02 
A 0.7 0.8 +0.1 6.44 6.41 -0.05 A 0.7 0.9 +0.1 6.44 6.44 -0.02 
T1 2.8 2.7 +0.4 6.33 6.31 -0.08 AVI 2.6 2.6 +0.4 6.36 6.34 -0.05 
J 7.2 7.3 +0.6 6.17 6.17 -0.11 J 6.8 6.9 +0.7 6.19 6.18 -0.10 
J 13.2 13.5 +0.6 6.09 6.07 -0.09 J 12.2 12.7 +0.6 6.09 6.07 -0.09 
A 17.1 16.8 +0.6 6.00 6.03 -0.06 A 16.6 16.1 +0.5 6.02 6.04 -0.05 
S 14.8 14.8 +0.4 6.08 6.10 -0.03 S 14.5 14.5 +0.3 6.08 6.12 -0.01 
0 10.5 10.6 +0.4 6.26 6.27 -0.03 0 10.6 10.6 +0.3 6.27 6.28 -0.02 
N 7.5 7.3 +0.4 6.45 6.44 -0.05 N 7.7 7.4 +0.2 6.46 6.45 -0.04 
D 4.9 4.9 +0.3 6.49 6.51 -0.04 D 5.1 5.1 +0.2- 6.50 6.50 =0.05 
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Table 4. (Continuation). 
Depth Momth I II 	n•I 	II 	A Depth Month I 	II 	o 	I 	II 	A 
o 
t S°/oo to  
Utö (coat.) 
10 ni J 2.5 2.7 	+0.1 6.49 6.47 -0.05 20 ni J 2.7 2.9 +0.3 6.50 6.18 -0.06 
F 0.9 0.9 +0.1 6.43 6.46 • 0.04 F 0.9 1.2 +0.2 6.47 6.47 -0.06 
31 0.4 0.4 	0.0 6.44 6.47 -0.06 11 0.5 0.4 0.0 6.48 6.51 -0.07 
A 0.7 0.7 	0.0 6.49 6.45 -0.09 A 0.7 0.7 +0.1 6.52 6.48 	• 	0.10 
1I 2.4 2.4 +0.3 6.38 6.36 -0.09 1[ 2.2 2.5 +0.4 6.41 6.36 	0.11 
J 6.5 6.4 	+0.6 , 6.26 6.23 -0.08 J 5.9 5.5 +0.3 6.30 6.28 -0.07 
J 11.0 11.6 	+0.6 6.14 6.11 -0.07 J 8.1 8.4 0.0 6.32 6.31 	0.00 
A 14.7 14.5 	+0.3 6.07 6.07 • 0.05 A 10.6 10.3 +0.3 6.28 6.34 	0.00 
S 13.3 13.4 	0.0 6.10 	6.11 • -0.03 S 11.1 10.8 +0.8 6.29 6.34 -0.03 
0 10.4 10.1 	+0.2 6.28 6.30 --0.03 0 9.8 9.8 +0.6 6.37 6.39 -0.05 
N 7.9 7.6 +0.3 6.47 6.44 - -0.07 N 7.7 7.8 +0.2 6.49 6.50 • 	0.04 
D 5.3 5.2 +0.2 6.51 	6.49 -0.08 D 5.4 5.2 +0.1 6.56 6.53 -0.05 
30 in J 2.8 2.9 +0.2 6.54 6.56 -0.05 40 in J 3.0 3.2 +0.3 6.56 6.57 	H-0.02 
F 1.0 1.3 	+0.2 6.50 6.51 0.05 F 1.1 1.4 +0.2 6.54 6.60 	0.02 
1M1 0.6 0.5 	0.0 6.55 6.55 0.07 11 0.7 0.6 0.0 6.58 6.60 -0.09 
A 0.7 0.7 	0.0 6.55 6.56 • - 0.06 A 0.8 0.8 -0.1 ' 6.59 6.57 --0.10 
1[ 2.1 2.2 +0.3 6.46 6.19 0.06 M 1.9 2.0 +0.2 ' 6.51 6.60 -0.04 
J 4.4 4.2 +0.2 6.45 6.45 -0.08 J 3.6 3.4 +0.2 6.68 6.67 -0.04 
J 5.5 5.9 +0.1 6.55 6.53 -0.07 J 4.2 4.4 +0.1 6.85 6.73 - 	0.08 
A 7.2 6.9 +0.2 6.53 6.61 -0.03 A 5.2 5.0 +0.2 6.73 6.76 	0.08 
. S 8.1 7.9 +0.4 6.62 6.59 0.02 S 6.4 5.9 +0.3 6.79 6.78 	0.04 
0 8.4 8.4 +0.3 6.54 6.54 -0.04 0 6.8 7.0 +0.2 6.77 (3.74 	0.05 
X 7.7 7.5 	0.0 6.51 	6.55 -0.05 N 7.4 7.0 +0.1 6.57 (5.64 -0.07 
1) 5.5 5.3 	0.0 6.60 6.57 --0.02 1) 5.5 5.4 +0.1 6.62 6.56 --0.01 
50 in J 3.2 3.4 +0.2 6.59 6.59 ±0.01 	60 ni .f 3.3 3.4 +0.1 6.64 6.58 +0.01 
1' 1.4 1.5 	+0.2 6.57 6.60 -0.011 1" 1.4 1.6 +0.2 6.60 6.62 -0.03 
51 0.8 0.8 	+0.1 6.63 6.66 -0.07 Al 0.9 0.8 0.0 6.68 6.69 -0.10 
A 0.9 1.0 	0.0 6.70 6.66 -0.07 A 0.9 1.0 -0.1 6.76 6.71 -0.08 
Si 1.7 1.8 +0.1 6.64 6.67 -0.05 11 1.7 1.8 +0.1 6.74 6.78 	0.00 
J 3.0 2.8 +0.2 6.80 6.83 -0.03 .l 2.8 2.7 +0.2 7.06 7.01 	+0.03 
J 3.4 3.6 +0.2 7.06 7.03 0.00 .J 3.1 3.3 +0.2 7.25 7.26 +0.02 
A 42 4.0 +0.1 6.96 7.08 -0.03 A 3.5 3.5 0.0 7.37 7.32 	1-0.06 
S 5.4 4.8 	+0.1 6.97 7.00 +0.05 I I.5 4.1 -0.1 7.19 7.22 +0.12 
0 5.7 6.0 	0.0 6.98 6.93 +0.06 0 4.9 5.3 -0.1 7.16 7.10 +0.11 
N 6.8 6.7 	0.0 6.77 6.86 0.07 1  N 6.2 6.1 -0.1 6.85 6.96 +0.06 
D 5.6 5.6 +0.1 6.74 6.71 -• 0.05 D 5.6 5.4 0.0 6.76 6.76 	H-0.05 
70 ni J 3.5 3.6 +0.2 6.68 6.72 +0.12 	80 in .I 3.6 3.5 +0.1 6.68 6.71 	+0.12 
1" 1.6 1.8 +0.3 6.64 6.67 +0.01 1? 1.6 1.7 +0.2 6.64 6.66 +0.01 
11 1.0 1.0 +0.1 6.78 6.75 -0.11 11 1.0 0.8 0.0 6.80 6.77 -0.11 
A 1.0 1.1 	0.0 1 6.87 	6.78 -0.09 A 1.0 1.0 -0.1 6.88 6.81 -0.09 
51 1.7 1.7 	0.0 6.86 6.86 +0.02 l[ 1.7 1.8 +0.1 6.87 6.88 +0.03 
J 2.7 2.6 	+0.1 7.07 7.14 +0.09 ; J 2.7 2.7 +0.3 7.10 7.16 +0.09 
J 3.1 3.2 	+0.1 7.38 7.46 +0.12 : J 3.1 3.3 +0.3 7.40 7.48 +0.08 
A 3.4 3.4 	0.0 7.57 7.52 +0.16 A 3.4 3.4 +0.1 7.56 7.54 +0.10 
S 3.9 3.8 	0.0 7.31 	7.37 +0.18 S 3.9 3.7 -0.1 7.34 7.38 +0.15 
0 4.6 4.8 -0.2 7.38 7.27 +0.14 (1 4.5 4.7 -0.2 7.40 7.28 +0.14 
N 5.8 5.8 -0.1 7.25 7.19 +0.11 N 5.7 5.6 -0.2 7.27 7.21 	+0.10 
D 5.6 5.4 	0.0 6.90 6.97 +0.13 1) 5.6 5.2 -0.1 6.90 6.98 +0.12 
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Table 4. (Continuation). 
Depth DIonth I 11 1 	II n Depth Month I IT n I 1I 
to S'°/00 to S%%00 
Utö (coat.) 
90 in 	J 3.6 3.5 +0.1 6.68 6.72 +0.11 90 in 	J 3.1 3.3 +0.3 7.40 7.50 +0.10 
F 1.6 1.7 	+0.2 6,64 6.69 +0.03 (Cont.) 	A 3.4 3.4 +0.1 7.58 7.56 +0.13 
M 1.0 0.8 	0.0 6.81 	6.77 -0.09 S 3.9 3.7 -0.1 7.35 7.41 	+0.15 
A 1.0 1.0 -0.1 6.88 6.80 -0.09 0 4.5 4.7 -0.2 7.50 7.31 	+0.13 
M 1.7 1.8 	+0.1 6.89 6.89 0.00 N 5.7 5.6 -0.2 7.27 7.20 +0.10 
J 2.7 2.7 +0.3 7.11 	7.18 +0.07 D 5.6 5.2 -0.1 6.91 6.96 +0.11 
I-Iai naja / G-r:åhara 
0 no 	.J 1.0 1.1 	0.0 5.53 5.46 +0.12 	i 5 in 	J 1.1 1.3 +0.1 5.55 5.45 +0.08 
F 0.0 0.2 	0.0 5.35 5.41 +0.08 I' 0.0 0.1 -0.1 5.42 5.52 +0.11 
yI 0.0 -0.1 	0.0 5.26 5.32 +0.12 \[ 0.0 -0.2 -0.1 5.36 5.37 +0.17 
A 0.0 0.1 	0.0 4.45 4.45 +0.71 A 0.1 0.3 +0.1 4.99 5.04 +0.68* 
1'I 2.2 2.3 +0.2 4.69 4.65 -0.20 \[ 2.2 2.4 +0.4 5.00 4.93 +0.03 
J 7.5 7.6 +0.7 5.01 	5.07 +0.07 J 7.0 6.7 +0.3 5.05 5.13 +0.08 
J 12.2 13.1 	+0.5 5.28 5.20 +0.15 J 11.1 11.9 -1-0.2 5.32 5.27 +0.18 
A 16.3 15.6 +0.3 5.17 5.23 +0.17 E1 15.1 14.6 +0.2 5.17 5.24 +0.15 
S 14.4 14.0 +0.4 5.25 5.34 -1-0.12 	. S 14.1 13.5 	-1-0.4 5.27 5.30 +0.07 
0 10.1 10.3 +0.7 5.48 5.51 +0.12 0 10.1 10.1 +0.6 5.51 	5.49 +0.08 
N 6.5 6.5 +0.6 5.53 5.57 +0.20 N 6.6 6.5 +0.6 5.54 5.56 +0.17 
D 3.4 3.2 	+0.1 i 5.48 5.49 -i-0.19 D 3.6 3.5 +0.3 5.50 5.46 +0.15 
11) in 	J 1.2 1.5 	+0.1 5.57 5.48 +0.10 20 in 	J 1.4 1.8 	!-0.2 5.61 5.52 +0.12 
F 0.1 0.2 	0.0 5.37 5.51 +0.08 11 0.2 0.3 	-0.1 I 5.44 5.56 +0.08 
Al 0.0 -0.2 -0.1 5.40 5.43 +0.18 	• ,1[ 0.2 0.0 	0.0 1 5.46 5.52 +0.12 
A 0.1 0.3 	0.0 5.29 5.21 +0.25 	• A 0.1 0.5 	0.0 5.63 5.36 +0.18 
M 2.0 2.2 +0.4 5.07 5.09 +0.13 M 1.9 2.0 +0.4 5.20 5.31 +0.12 
j 6.3 5.9 +0.5 5.13 	5.22 +0.03 J 5.0 4.4 +0.2 5.42 5.48 +0.04 
J 9.2 10.3 	0.0 5.42 5.36 +0.08 J 6.6 7.8 	-0.4 i 5.75 5.62 +0.05 
A 13.7 13.1 	0.3 5.20 5.36 +0.17 A 11.3 10.6 	-0.8 5.48 5.60 +0.13 
S 13.4 12.7 	0.0 5.33 5.38 +0.14 S 12.1 11.2 	-0.4 5.59 5.57 +0.15 
0 9.8 10.0 	-i 	0.(S 5.53 5.53 +0.12 0 9.2 9.4 +0.2 5.71 	5.66 +0.16 
N 6.7 6.6 	, 0.G 5.59 5.61 +0.16 N 6.8 6.6 +0.4 5.65 5.69 +0.19 
D 3.9 3.7 +0.3  5.52 5.53 +0.17 	. D 4.0 4.0 l-•0.3 . 5..57 	5.60 +0.20 
30 m 	J 1.6 1.9 +0.1 5.72 5.56 +0.12 30 in 	J 5.6 6.0 -0.5 6.04 5.87 -;-0.08 
F 0.3 0.4 +0.2 5.49 5.72 +0.15 (cont.) A 9.5 8.6 -1.1 5.66 5.89 -I-0.17 
Si 0.3 0.1 	+0.1 5.58 5.75 +0.13 S 9.6 9.6 	-0.9 5.92 5.85 +0.18 
A 0.4 0.7 +0.1 5.77 5.60 +0.07 0 8.6 8.6 --0.2 5.60 5.81 +0.13 
BI 1.8 1.6 	-1-0.2 5.62 5.54 0.00 N 6.9 6.6 	10.3 ~ 5.72 5.68 +0.08 
.1 3.6 3.4 +0.1 5.74 5.70 0.00 D 4.1 4.2 -r0.3 5.59 5.52 +0.07 
'1'animio / Stainö 
0 ui 	.J 0.4 0.3 -0.1 4.17 4.20 +0.29 5 ni 	J 0.4 0.7 +0.2 4.19 4.28 +0.34 
F -0.2 -0.3 -0.2 4.16 4.12 1-0.11 F -0.3 -0.3 	0.2 4.24 4.28 -1-0.23 
AI -0.2 -0.2 0.0 3.93 3.88 +0.07 AI -0.3 -0.3 	0.1 4.14 4.11 1-0.11 
A 0.0 0.5 +0.6 3.22 3.18 *+0.58* A -0.2 -0.1 1 0.1 3.91 	3.84 +0.17 
Si 2.1 3.1 +0.9 2.36 2.43 *+0.12* \I 1.0 1.5 	i 0.1 3.74 3.59* +0.19* 
J 8.6 8.6 +0.6 3.51 3.58 *+0.28* J 7.2 6.4 	0.0 3.61 3.70* +0.28* 
J 14.3 14.7 +0.3 3.97 3.77 +0.21 J 12.9 13.0 +0.1 4.03 3.94 +0.36 
A 18.3 17.3 +0.3 3.75 3.84 +0.19 A 17.5 16.9 +0.5 3.80 3.87 +0.17 
S 15.6 15.4 +0.5 3.95 4.12 +0.32 S 15.7 15.4 +0.4 3.96 3.94 +0.10 
0 10.6 11.1 +0.7 4.30 4.28 +0.25 0 10.7 10.8 +0.2 , 4.30 	4.20 +0.18 
N 6.1 6.5 +0.5 4,34 4.20 +0.13 N 6.2 6.4 +0.5 4.34 4.35 +0.28 
D3.0 2.7 +0,2 4.12 	4.15 +0.22 D 2.9 3.0 +0.6 4.13 4.31 +0.35 
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Depth Momth I II 	o 
t°  
lo 'fl 	J 0.5 0.4 -0.2 
I' -0.2 -0.3 -0.2 
i\4 -0.2 -0.3 -0.1 
A 0.0 -0.2 	0.0 
11 0.5 1.2 +0.3 
J 5.6 5.4 +0.8 
J 10.0 11.3 +0.9 
A 15.2 14.9 +0.3 
S 15.0 14.3 	0.0 
0 10.7 10.7 +0.2 
N 6.4 6.4 +0.4 
D 2.9 2.7 +0.1 
Table 4. (Continuation). 
1 	II 	A I Depth Month I 
S°/o0 
Tarmnio Stamö (coat.) 
4.24 4.17 +0.18 20 in .I 1.0 
4.35 4.30 +0.18 F 0.2 
4.32 4.37 +0.17 M 0.2 
4.27 4.23 +0.17 A 0.5 
4.20 4.06 +0.19 M 0.6 
3.86 4.04 +0.20 J 1.9 
4.34 4.09 +0.20 J 4.8 
4.01 4.12 +0.21 A 7.5 
4.08 4.19 +0.24 S 10.4 
4.37 4.31 +0.25 0 9.6 
4.34 4.32 +0.23 \ 6.4 
4.18 4.20 +0.20 1) 3.5 
II i' : L 11 	A 
to 	 8O/oo 
1.2 +0.1 4.40 4.43 +0.15 
0.2 -0.1 4.65 4.64 +0.14 
0.2 0.0 4.83 4.80 +0.14 
0.5 +0.1 4.88 4.92 +0.16 
1.0 +0.2 5.02 5.01 +0.16 
2.5 +0.4 5.09 5.05 +0.13 
5.1 +0.3 5.06 5.02 +0.08 
8.1 -0.2 5.03 4.98 +0.10 
9.8 -0.4 4.82 4.90 +0.16 
9.3 -0.1 4.79 4.72 +0.23 
6.7 +0.3 4.42 4.46 +0.22 
3.5 +0.3 4.32 4.34 +0.19 
the long period from those for the short one. Owing to the above mention-
ed fact that the mean temperature of the water has increased, the number 
of the positive deviations is self-evidently considerably greater than 
that of the negative and, moreover, the positive deviations reach, on the 
whole, higher values than the negative ones. The only exception in this 
respect is at Gråhara at the depths of 20 and 30 m, where the negative 
differences are numerically two or three times greater than the positive. 
For the surface and the upper water layers we may, as a rule, infer that 
the greatest positive differences (0.6°-0.9°) appear in the summer months 
or in early autumn. Farther down the greatest deviations, amounting 
in general to 0.2°-0.4°, show no distinct regularity. 
A comparison of the first and second column of Table 4 gives a. con-
ception of the differences between the observed and the computed values 
for the 20-year period 1921-40. As a rule the differences fall numerically 
within the limits 0. 	Using a more extensive material with three values 
for each month, i. e. for the 1st, 11th and 21st, we find that the greater 
differences (0.6°--0.8° ) comprise, for instance, at Utö only about 2.5 % 
of all the values. For the remaining stations the correspondence is not 
quite so satisfactory. Thus for Jungfruskär the number of rather large 
differences (0. s°-1. i°) amounts to 6.o %; for Lohm it is slightly higher, 
6.3 %, whilst the greatest difference at this station is 0.9°. The most 
numerous cases of rather large differences between the observed and 
computed values are noted in the Gulf of Finland. For 7 ammio they 
form not less than 13.2 % and there appear at this station differences 
as great as 1.2° and 1.3°. Finally, the correspondence seems to be least 
for Gråhara where 19.4 % of all differences are greater than 0.5°, and 
at this station a deviation as large as 1.3° has been observed. It may 
be of interest to examine more closely the causes for the appearance of 
these differences. In some cases they must be ascribed to abrupt disturb-
ing factors, such as violent storms with their far reaching influence upon 
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the stratification of the water. Such disturbances appear, of course, 
more often and are more pronounced in the Gulf of Finland than in the 
Archipelago. Thus, for instance, the increase in the observed temperature 
from 21st June to ist July at Gråhara, was on an average 0.5° in all 
depths, while the normal increase during this time reaches around 1.5°; 
the result is that the observed means differ about 1.0° from the computed 
values. Besides these deviations of more or less occasional character, 
practically all stations and depths show a systematical deviation, which, 
especially in the Gulf of Finland, causes the greatest differences: the 
observed maximum temperature is, in general, not reached by the comput-
ed values, but there is almost without exception a difference of 0.5° to 
1.o°: On the other hand, the time for the appearance of these maxima 
is relatively well reflected in the smoothed values. 
3. Salinities. Passing over to the salinity and examining Table 1 in 
this respect, we immediately note that the correspondence is good in 
this case too. Certainly the differences for the angles are considerably 
greater than in the case of temperature, but as the amplitudes are slight, 
at least in comparison with the mean salinity, the deviations have, in 
general, no practical significance. The differences, moreover, show no 
noteworthy regularity. The greatest differences of the amplitudes, as 
well as the angles, appear, however, for the surface and partly for 5 m. 
Those found at Tammio especially must, without doubt, be ascribed 
to the low values for salinity observed in the spring on the surface and 
sometimes down to the depth of 5 in. These low values of salinity are 
caused by melting snow and ice. The salinity decrease in question is, 
on the one hand, often very pronounced, sometimes reaching amounts 
which are several times greater than the annual variations, but, on the 
other hand, the entire disturbance is a quite isolated phenomenon that 
has nothing in common with the general annual course of the salinity. 
Following the method formerly (4) used, the values obviously influenced 
by snow and ice melting have been replaced by figures which presume 
an almost linear course of salinity during the time in question. The 
harmonic constants have been computed for the salinity thus corrected 
and the corresponding values have been determined for the ist of each 
month, where-after the differences between the observed means and the 
corrected values have been added to the figures at appropriate places. 
In Table 4 the salinity values determined in this manner are marked 
with asterisk (v). 
The last column for salinity in this table shows at once that the 
correspondence between the salinity values computed harmonically for 
10 and 20 years respectively is quite good. Generally, the differences 
are less than O. i o°/ oo, and differences somewhat greater than 0.20 0 / 00  
are noted only in the Gulf of Finland. The most remarkable exception 
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from this rule is, in fact, found during the time of snow melting. Differ-
ences greater than 0.20 0/oo appear relatively often at Tammio, distinctly 
reflecting the great increase in the average salinity at this station in the 
thirties, whereas at the stations in the Archipelago the salinity was 
decreasing. 
The correspondence between the observed and computed salinity 
values is quite satisfactory. The majority of the deviations are numerically 
less than O.o5°/ oo and differences greater than 0.i/ are not numerous. 
The deviations are at their highest in the Gulf of Finland. In this threshold-
free, extended, narrow end of the Baltic the annual course of temperature 
and salinity must be most heavily influenced by disturbing factors. 
In order to get some conception of the differences of the harmonic 
constants for the 20-year period compared with those for the 10-year 
period, Table 1 has been computed. This table shows quite distinctly 
a good agreement between the corresponding harmonic constants. For 
temperature the greatest difference in amplitude amounts to 0.3°, and 
the deviations of the angle for the appearance of the maxima are, as a 
rule, at their highest in the third wave, the greatest difference being 18°. 
This table also shows an increasing salinity in the Archipelago in the 
forties, the angles deviating in the extreme case (for the semi-annual 
wave) by 45°. 
II. The increase of salinity. 
1. The coastal area. As already mentioned in chapter 1, salinity 
during the forties was distinctly high at the coastal stations. This phen-
omenon has earlier been examined by Granqvist (3) and L i s i t z i n 
(6). The general result of the former investigation was that at the shore 
of the Gulf of Finland the salinity was higher than in the twenties almost 
from the year 1934, and after the year 1938 it was distinctly higher. 
Salinity remained low in the Gulf of Bothnia and the Åland Sea until 
the year 1943. From this year it began to increase at the stations situated 
in the Bothnian Sea (Bottenhavet), being still low in the northern part 
of the Gulf of Bothnia, i. e. the Bothnian Bay (Bottenviken). These 
results are, on the whole, confirmed by Table 5, which is based upon 
more complete observations than the earlier researches. The beginning 
of the increase of salinity is regarded as taking place in that year when 
the yearly average as well as the monthly mean values, with occasional 
exceptions during the time of snow melting and other rather insignificant 
cases, were first higher than the corresponding averages for the period 
1921-30. This table shows that the increasing salinity at the shore 
was first observed in the eastern part of the Gulf of Finland. 
u G3-52 
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Table 5. 	Time oj the beginning oj the increase The 	increase in 	salinity i.n salinity, 
in 	the 	Baltic 	'must 	occur 
Station and bottom 	depth Shore 20 m. Bottom 
through the Danish Sounds, 
Ulkokalla., 	10 	ni. 	.. 	..... 
Tankar, 	10 	ni. 	.......... 
1946/48 
1946 
— 
• 
1948 
1946 and the bottom currents are 
valsörarna, 10 m. 	... 	... 1947148 — 1947 in this connexion of decisive 
lv. 	Storka.11egrund, 	20 	in. 
S~ippi/Siibbskär, 	24 	ni. 	.. 
— 
1943 
1943 
— 
1943 
1943 im 	tance. The 	henonien- or p h 
lv. 	Ranma 20 ni......... — 1943 1943 on therefore appears earlier 
nti i ket,100 nn........... 
Jmigfruskä.r, 40 m. 	...... 
1946 
1943 
(1946)') 
1943 
(1946)') 
1941 in 	the 	Gulf 	of 	Finland, 
Lotim, 50 m ............. 1941 1940 1940 which forms an immediate 
Utö, 	90 	ni ... 	........... 
Ka~llbå.daii, 30 m......... 
1943 
1941 
1940 
1938 
1936 
1937 continuation of the centra] 
Haarmaja/Gråbara, 	30 	in 1938 1938 1938 Baltic, than in the Archipela- 
I-Ielsinki/Helsingfors, 	shore 
Söderskär, 	50 m. 	........ 
1938 
1938 
— 
1937/38 
- 
19413) go and the Gulf of Bothnia, 
Haapasaari/Aspö2). 	...... 1937 — -- which 	are 	separated 	from 
Taronrio/Stamö, 20 n1. 	... 1936 1937 1937 4~ 	 '_.,.,  
threshold. Thus at Tammio the easternmost station in the table, the salinity 
was high after the year 1936. In the middle part of the Gulf of Finland 
the salinity increased distinctly after the year 1938. The values for Gulf 
of Finland show, on the whole, no noteworthy time lag between the 
surface and the deeper water layers, whilst in the Archipelago it can 
be seen that the beginning of the increase in salinity occurred earlier 
at the bottom than in the surface layers, the difference amounting 
to about 2-3 years. For example, at the bottom and in the deeper 
water layers the high salinity was first noted in the years 1939-41 
in the eastern Archipelago, but it is not until the year 1943 that 
there was a generally increasing salinity at the surface. With regard to 
the Gulf of Bothnia it is more difficult to draw a definite conclusion 
because of the few stations, added to which no observations were made 
during the War, the most important years. There are, however, no 
indications to contradict the above mentioned result, viz. that the 
salinity in the southern part of the Gulf of Bothnia was high after the 
year 1943, while in the northern part the year 1948 might possibly be 
put as the start of the period of high salinity. 
Turning to examine the absolute values for salinity during the thirties 
and forties in comparison with the preceding decade, it may suffice to 
limit the examination to some representative stations. Such a station 
is, for instance, Lohm, and the 5-yearly salinity averages at different 
depths for this station are given in Table 6. In order to examine separate 
years, Table 7 is given showing the yearly mean salinities at Lohm at 
the depth of 50 m. for the period 1921-50. Both the tables show very 
distinctly the considerable increase in salinity during the forties preceded 
I) No depth observations during the years 1943—45. — 2) Depth observations incom-
plete. — 3) The total unonnt of salt in the whole water column was (listinct]y bigli ironi 
the year 1938. 
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in the years 1926-40 Table 6. 5-yearly salinity averages (°/00 ) att different 
by a less pronounced 	 depths ((.1 Lohan. 
decrease. It may be 0 ni. 5 m. 10 m. 20 in. 30 in. 40 m. 50 m. 0-50 ni. 
noted that the mean 1921-25 6.14 6.21 6.23 6.28 6.33 6.37 6.40 6.30 
	
1926-30 6.04 6.09 6.10 6.14 6.18 6.21 6.23 	6.15 
salinity at the bottom 1931-35 6.06 6.08 6.10 6.14 6.17 6.18 6.19 6.14 
(50 m.) for the period 1936-40 5.97 6.00 6.05 6.10 6.15 6.18 6.19 	6.11 
1941-45 6.31 6.40 6.43 6.47 6.51 	6.54 6.56 	6.48 
1921-25, 6.40/00, was 1946-50 6.62 6.64 6.65 6.67 6.68 6.70 6.71 	6.67 
reached on an average 1921-50 6.20 6.24 6.26 6.30 6.33 6.36 6.38 6.31 
in the years 1941-45 
at the depth of 5 in. Table 7. Pearly mean salinity (°/0° ) at Lolina at the 
and the salinity at 	 depth of 50 m. 
the surface 	for the 	1921 6.40 1926 6.33 1931 6.14 1936 6.06 1941 6.57 1946 6.87 22 6.54 	27 6.29 	32 6.35 	37 6.17 	42 6.62 	47 6.71 
last mentioned period, 	23 6.55 28 6.19 33 6.07 38 6.14 43 6.51 	48 6.59 
6.31 0/ oo, 	was about 	24 6.35 	29 6.27 	34 6.17 	39 6.22 	44 6.51 	49 6.73 25 6.21 	30 6.07 	35 6.22 	40 6.38 	45 6.58 	50 6.65 
0.1 o 0/ oo higher than the IlIxch 6.40 	6.23 	6.19 	6.19 	6.56 	6.71 
average bottom salinity 
for the 15-year period Table S. 5-yearly salinity averages (°/0° ) at different 
1-926-40. In the whole 	 depths at Tammio. 
water column the great- Om. 	5 m. 	10 m. 20 m. 0-20 m. 
est increase, from the 1921-25 	3.67 	3.88 	4.06 	4.62 	4.11 
years 1936-40 to the 
1926-30 	3.47 	3.74 	3.94 	4.61 	4.00 
5 	 1930-35 	3.89 	4.08 	4.27 	4.84 4.32 
years 1946-50, reached 1936-40 	4.24 	4.43 	4.58 	5.01 	4.61 
the value 0.5 G°/ 	the 1941-45 	4.09 	4.39 	4.55 
	5.02 4.57 
oo> 	1946-50 	4.20 	4.50 	4.65 	5.17 	4.69 
largest differences being 1921-50 	3.93 	4.17 	4.34 	4.88 	4.38 
observed at the surface. 
From Table 7 it can be seen that the years 1936 and 1946 form the 
extremes of salinity at the bottom, with a difference of 0.80/00. The 
minimum seems, however, to have lasted for rather a long time as in 
the years 1930 and 1933 a mean salinity was observed which was only 
0.oi 0/00 higher than in the year 1936. The maximum. too is by no means 
marked. 
As a representative of the Gulf of Finland the station Tammio has been 
examined more closely. The appropriate salinity values are given in 
Table 8. According to this table the salinities in the eastern part of the 
Gulf of Finland reached their minimum during the period 1926-30, 
being at their lowest at all depths at that time. From the beginning 
of the thirties a distinct increase in salinity can be noted, however, 
slightly weakening later. This phenomenon was interrupted at the 
beginning of the forties by a decrease, insignificant at all depths but 
reaching 0.150/00 at the surface. Thereafter the salinity increased until 
the end of the period investigated. The maximum increase in salinity 
for the whole water column from the surface to the bottom amounts 
to O.6sO/ oo, thus being somewhat greater at this station than within 
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the region of the Archipelago. This phenomenon must probably be 
ascribed to the fact that the increase in salinity started earlier in the 
Gulf of Finland and was therefore more developed. It may be noted 
that there are still no signs indicative of an alteration in the general 
salinity tendency. 
Owing to the incomplete observations in the Gulf of Bothnia only 
the salinities at Valsörarna at the depth of 10 m. during the periods 
1926-30 and 1946-50 can be used. The data are given in Table 
9 as monthly averages. The table shows that there is no doubt that 
Table 9. illontltly salinity averages (o/oo) at 11,alsörarna at the 	depth. of 10 >n. 	 for 
tke periods I92G-30 and -7946-50. 
Jam. Febr. March April 	May .Jute July 	Aug. 	Sept. 	Oct. Nov. 	Dec.. 	Al. 
1926-30.... 4.69 4.62 	4.65 	4.64 	4.46 	4.30 4.31 	4.31 	4.23 	4.25 4.50 	4.70 	4.47 
1946-50.... 4.97 5.08 	4.89 	4.87 	4.75 	4.43 4.72 	4.72 	4.56 	4.55 4.44 	5.05 	4.75 
Imcrease ....+0.28 +0.46+0.24+0.23+0.29-1-0.13 +0.41+0.41+0.33+0.30 -0.06+0.35±0.28 
the influence of the increasing salinity in the Baltic reached the Quark 
at least in the latter forties. 
2. Open-sea salinities in the Gulf of Bothnia. As mentioned above. 
the salinity observations made at the coastal stations in the Gulf of 
Bothnia were by far too incomplete to allow definite conclusions to be 
drawn as to the time of the beginning of the salinity increase and as to 
its amount. The latter question may now be examined with the aid of 
salinity observations from scientific research cruises. These cruises were 
undertaken each year until the War. At appointed places and depths 
on the open sea- the temperature was measured and samples taken for 
the determination of salinity and other chemical properties. The \kai• 
interrupted these researches which have not yet been resumed. 
Since the year 1948, however, similar cruises in a restricted forty, 
covering the research region in the Gulf of Bothnia only, were performed 
by Swedish scientifists in collaboration with the Institute of Marine 
Research in Finland. 
The results of these investigations offer first-rate material for com-
parisons. For each station it has been drawn as a, t-s-diagram and 
compared with the corresponding mean t-s-curves for the period 1925-35 
(4) and the separate curves for the years 1935 and 1939, i. e. the last. 
year of the period previously used and the last year before the War. 
Some typical representatives of these diagrams are given in Fig. 2-12. 
The curves for each station are found to be, on the whole, similar in 
their shape and slope, but the curves of the later groups are considerably 
displaced to the left. The displacement between the two groups of curves 
shows that the increase in salinity amounts to about 0.so-O.00°,~uo> 
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thus being of the 
same magnitude as 
in the Gulf of Fin-
land. The fact that 
the cruises in the for-
ties were made about 
a month later than 
before is not con-
sidered to be im-
portant (4). 
Witting's (7) 
mean temperatures 
and salinities for the 
period 1904-06 have 	 Fig. 2. F 1, t-s-diagrams. 
also been plotted on these diagrams, offering an interesting material 
for comparison. There are no marked differences between these curves 
and the mean curves for the period 1925-35. 
In this connexion it may be pointed out that, in the deeper layers, 
not only are the averages of the earlier observations considerably lower 
than the results for the years 1948-50, but that in separate years of 
the period 1925-35 the salinity didn't reach values as high as in the 
later forties. Table 10 illustrates this fact very clearly. In this table the 
minimum, mean and maximum salinities for the period 1925-35 are 
given with the salinity values of the bottom layers observed in the years 
1939, 1948, 1949 and 1950 at all the open sea stations. The depths are 
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Fig. 3. I+ 3, t-s-diagrams. 	 Fig. 4, F 10, t-s-diagrams. 
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the greatest sampled at each station 
during all the cruises in the period 
1925-35. They therefore deviate 
from the bottom depths but gener-
ally refer to the bottom layers. 
The absolute salinity variations 
were not very large during the 11- 
year period. On an average they 
amount to 0.530/ 00, and the mean 
value lies very close to the mean of 
the two extremes. In the year 1939 
the salinity was on the whole lower 
than the mean values, and was 
somewhat higher in seven cases 
only. The average increase for the 
period 1945 50 compared with 
the period 1925-35 is 0.5o°/00, 
Fig, 5. F 12, t-s-diagrams, 	being thus 0.23°/ 00 higher than the 
mean value of the maximum salin-
ities in 1925-35. Excluding the stations in the Quark, only the value 
3.75 0/ 00 observed in 1949 at F7 is lower than the maximum for the 
earlier period. At the three stations F15, F16 and F17, situated in the 
shallow threshold sea Quark and representing only the surface layers, 
the water stratification normally has a quite different character from 
that at the deepest stations. In this transition area, owing to displace-
ment and mixing of different water layers, the salinity generally 
rapidly increases towards the bottom, thus causing the large differ- 
Fig. 6. F 16, t-s-diagrams. 
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Fig. 7, F 18, t-s-diagranns. 
ences between the maximum and minimum values. For instance, at 
the stations mentioned the differences are two to four times greater 
than the average for the entire area of the Gulf of Bothnia during 
the period 1925-35. It is therefore by no means surprising that the 
salinity values there do not follow the general trend, especially as the 
fluctuations are rather large owing to fresh water having an important 
influence on. the salinity of the surface. It is therefore self-evident 
t hat one observation only cannot be considered as representative of a year. 
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3° 	 5 	 ~~ 	Owing to this fact, the 
X30 stations mentioned were 
15° examined twice or more 
J9°  " 	 yo" 	during the cruise in 1949 
Z91• and the results of these o 
åå 	 observations are given in 
lo 	 -: _ _ "'s Table 11, which clearly 
shows the considerable 
/ / / / / salinityvariations. Finally, it may be pointed ont 
50 	 _ 	• that, on the whole, the 
0' 	 o tendency of the salinity 
9 	 g 
to increase is traced in 
~ ~ 7 ° 	the surface values too. 
Fig. 9. F 30, t-s-diag,ains. 	 3. The causes of the 
increase in salinity. The 
salinity increase in the Baltic is doubtless a very complicated phen-
omenon forming only a part of a larger systens of factors. The im-
mediate cause for this increase is, however, quite distinct, i. e. the salt 
must have passed through the Danish Sounds. The researches of 
B r a t t s t r ö in (1) show that the salinity in the Danish Sounds had 
a tenclency to increase during the thirties. Comparable salinity observ-
ations for the war years and thereafter are not yet available. From 
tables given by B r a t t s t r ö in it is found that at the light-ship 
Lappegrund, for instance, the salinity at the clepth of 20 in. during 
the period 1923-33 was O.co°/oo higher than in 1903 -26, and that 
its nioan value for the period 1933-38 exceeded the average salinity 
.v 3 	i 	g5 .!' 	 - 	- 
/ 	/... j
: 
	F33. 
'<:
~ A0 
%o 	 - 	
0 
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Fig. :LO. F 33, t-s-diagranns. 
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Fig. 11. F 64, t-s-diagrams. 
for the years 1923-38. This latter increase was as great as 1.700/00  
when compared with the years 1903-26. The mean values were 1903-26: 
29.500/ 00, 1923-38: 30.iø°/, and 1933-38: 31.20 0 /00. The salinity was 
at its highest in the year 1937, especially during the months February 
to May, and reached the very high annual average value of 32.30 0 / 00. 
In the following year, on the other hand, the mean salinity was 
relatively low, only 30. o o °/ oo, but it was principally caused by low 
salinities during late winter and spring months, and must probably be 
considered as a phenomenon of a temporary nature. 
Using B r a t t s t r ö m's periods and data, the salinities of the 
whole water column (Table 12) for some light-ships situated in the Danish 
transition area have been computed and compared with the mean values 
Fig. 12. F 68, t-s-diagrams. 
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Table 10. Salinity of the bottom layer at open-sea stations. 
Depth Minimum Meam liaxinuim 1939 1948 1949 1950 t1ean 
m 1925-35 1925-35 1925--35 1948- -50 
F 1 30 2.48 2.82 3.21 2.74 3.42 3.32 3.42 3.39 
F 2 50 3.22 3.39 3.57 3.21 3.91 3.66 3.87 3.81 
F 3 70 3.39 3.62 3.82 3.44 3.89 3.821) 4.06 3.92 
F 6 30 3.21 3.40 3.53 3.21 - 3.64 3.93 3.78 
F 7 60 3.28 3.58 3.87 3.57 - 3.73 4.00 3.86 
F 8 80 3.66 3.83 3.95 3.691) 4.251) 4.00 4.20 4.15 
F 9 90 3.78 3.97 4.16 3.86 4.241) 4.20 4.36 4.27 
F 10 50 3.30 3.53 3.73 3.33 3.77 3.95 4.13 3.95 
F 12 100 3.87 4.07 4.24 3.82 4.34 4.54 4.54 4.47 
F 13 50 3.59 3.70 3.80 3.71 - 4.22 4.54 4.38 
F 15 20 3.28 3.83 4.42 4.36 4.83 4.982) 4.00 4.60 
F 16 10 3.13 3.83 5.07 4.27 4.61 4.072) 3.50 4.06 
F 17 20 4.06 4.75 5.23 4.65 4.98 6.002) 4.11 5.03 
F 18 70 5.48 5.72 6.00 5.63 6.37 6.331) 6.13 6.28 
F 19 100 5.59 5.89 6.17 5.88 6.73 6.44 6.40 6.52 
F 21 30 5.39 5.53 5.68 5.23 - - 6.02 6.02 
F 22 90 5.54 5.86 6.09 - 6.31 6.31 
F 23 100 5.61 5.88 6.17 6.00 - 6.44 6.33 6.38 
F 24 150 5.66 5.98 6.28 6.04 6.73 6.58 6.47 6.59 
F 25A 100 5.57 5.86 6.11 5.88 - 6.37 (3.33 6.35 
F 28 40 5.48 5.65 5.82 - 6.02 6.02 
F' 29 90 5.93 6.20 6.40 6.19 - - 6.74 6.74 
F 30 100 5.95 6.19 6.47 6.17 6.65 - 6.78 6.72 
F 31 30 5.30 5.39 5.48 5.26 5.74 - 5.68 5.71 
F 32 50 5.30 5.41 5.50 5.19 - 5.91 5.77 5.84 
F 33 70 t.19 6.44 6.64 - 7.41 - 6.94 7.18 
F 64 275 6.71 6.81 7.00 - 7.861) - 7.33 7.62 
F 67 200 6.62 6.78 7.00 7.03 8.000 7.3.2 7.66 
F 68 100 6.33 6.60 6.74 6.58 7.51 7.21 7.36 
for the period 1923-32. A study of this table may be instructive. 
Whe find a decrease during the period 1923-32, being most pronounced 
at Lappegrund. It is interesting that this decrease in salinity is very 
distinctly reflected in the figures of Tables 6 & 8, which show that a 
decrease in salinity occurred at Lohm and Tammin in the latter twenties, 
and continued during the thirties in the Archipelago. It has not yet 
been possible to follow the development of salinity conditions in the 
Danish Sounds during the forties, but the inflow of salt during the 
thirties must without doubt have already left its mark in the Baltic for 
years to come. 
Because of the close connexion between meteorological factors, 
water level and currents it is very probable that the increase in salinity 
is a consequence of pronounced changes in the general air circulation 
during the thirties and forties. In fact there are data proving that such 
changes have been observed. Thus Ö s t ni a n and H e n r i k s o n (9) 
have shown that at the beginning of the forties, i. e. in the years 1940 
and 1941, the frequency of gales with a force of 10 B or greater reached 
only 28 % of the mean frequency for the period 1921-41. 
1) Intci-polated valne. - 1) Compare with Table 11. 
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Table 11. Temperatures and salinities in the Quark in August 1949. 
F16 F 16 1' 	17 
❑1.  Aug. 2. 	Aug. 18. Aug. 2. 	Aug. 6. 	Aug. 18. Aug. 2. 	Aug. 6. 	Aug. 18. 	Aug. 19. 
t° S°/ 	t° S°/oo t° 	'50/00 	t' 	SO/00 	t° 	S°/oo t° DSO /oo 	t° 	S O  /00 	t° S°/oo 	t° 	S°  o0 
0 14,02 3.53 13.52 3.68 14.41 	3.42 14.17 	3.35 13.40 3.71 13.78 	3.32 13.70 3.41 	13.12 	3.71 12.85 4.04 
10 13.00 3.77 13.00 3.96 13.80 	3.42 13.62 	3.37 12.44 4.07 13.84 	3.53 13.39 3.59 12.98 	4.56 12.85 4.85 
12!2 10.57 	4.42 
15 11.38 4.49 10.89 	3.64 12.10 	3.51 6.57 	5.63 13.33 4.27 	11.65 5.23 
20 7.54 4.98 	9.64 4.89 7.68 	4.74 10.70 	4.02 	9.05 4.47 3.91 	6.00 	9.48 4.96 10.07 	5.05 	9.40 5.10 
25 1)5.13 	1)5.59 1)3.89')G.00 	5.60 5.72 	 7.60 5.39 
30 6.23 5.37 	8.30 5.05 2)6.42 	2)5.30 	8.26 4.65 13)7.91 3)5.19 
35 (i.12 	5.37 4.98 5.73 
40 7.94 5.08 
44 7.92 5.05 
Table 12. Mean salinities ( °/oo) 
1903-26 1923-39 1923-32 1933-39 
La l)D)Cg CUII O, 	0-20 ID. 
5G0037 N., 12°38'2 E. 	.......... 20.98 21.25 20.68 22.38 
Schultz' Grund, 0-26 ni. 
5G0089 N., 11°11'2 E. 	.......... 24.21 24.61 24.38 24.94 
AlihOlt-Kitol), 0-28 mi. 
5G046'0 N., 11°51'8 E. 	.......... 26.08 26.49 26.13 27.00 
Laesö-Trinde], 	0-30 	nt. 
57°28'4 N., 11°20'1 E. 	.......... 29.42 28.93 28.60 29.40 
Skagens-Rev, 0-38 m. 
57°46'0 \.. 10°43'3 T. 	.......... 32.56 32.55 32.44 32.71 
Another deviation, this time concerning the surface current in the 
Sound, may be noted. At the light-ship Oscarsgrundet (55°35' 32" N., 
12°50' 45" E.) the current generally runs in only two directions, namely 
NE and SW. The latter direction is by far the more predominant, 
corresponding on an average to 62.5 % of all the observations for the 
years 1930-39. Computation of the resultant current and the stability 
during the separate years of the thirties has given the following results. 
Table 13. Current at 11+.e li,jh.t-ship 0sca)sgriendet 
Year Resulta))t oiu-rent Stability I Year Resultant oune t. Stsbilitv 
CIA /See % cfl ,sec % 
1930 S\V 	17.1 24.1 1935 SW 	15.1 20.9 
1931 S\\' 	13.9 20.1 1936 3\V 	13.4 19.7 
1932 SM, 	14.5 20.9 1937 SW 	19.3 31.3 
1933 SW 	14.8 21.6 1938 S\V 	9.8 14.2 
1934 S\\' 	15.1 21.4 1939 S\\' 	7.0 10.3 
1930-39 SM, 	14.0 20.4 
This table shows that a marked change has taken place in the values 
of the resultant current and the stability during the years 1938 and 
1939. The resultant decreased velocity is a distinct sign of the increasing 
1) 23 in.: 2) 29 m.; 7) 31 ni. 
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importance of the NE-currents, representing an inwards directed water 
movement. This fact appears too from the low values of stability during 
the corresponding time. The entire phenomenon may be characterized 
as a pronounced increase of disturbance in the average current conditions. 
These two examples show that there are some indicators which ascribe 
the changes in salinity to changes in the air circulation. In this connexion 
two investigations made by W i t t i n g (8) and the author (2) many 
years ago in Pojoviken, a creek in the western Gulf of Finland (Fig. 1), 
may be mentioned. The length of this creek, inside the threshold at 6 in. 
depth at Ekenäs, is about 20 kni., and the maximum depth is about 
40 in. The salinity in the deep water is between 4 and 5°/x o, i. e. not 
much lower than in the sea outside. Regularly made current and salinity 
observations at the threshold showed that, just when the direction of 
the current there changed from outwards to inwards-going, so a strong 
but short injection of salt water took place over the threshold. This 
salt water thereafter ran down into the creek along the bottom, mixing 
with the deep water there. If the current inwards continued, the salinity 
of the water at the threshold decreased. Many c h a n g e s o f c u r r c n t 
cl i r e c t i o n s, i. e. a low stability, were followed by an obvious 
increase in salinity in the inner part of the creek. 
Pojoviken may in many ways be considered as an oceanographical 
laboratory arranged by nature itself, as might the whole Baltic behind 
the Danish Sounds, but on a larger scale. By generalisation we may 
thus infer that the increasing salinity is an indicator of a greater disturb-
ance in the atmosphere. Before this disturbance has been more closely 
investigated it is, however, quite impossible to decide whether the 
observed changes in salinity are a fortuitous, periodical or lasting 
phenomenon. 
Helsingfors, August 1951. 
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